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Abstract 
A world-wide formal teaching practice related with courses is almost entirely a teacher-led one. Therefore, main problem to be 
addressed is what will be learners’ position in teacher-led applications. Also, a full constructivist change requires a more 
comprehensive change beyond the grasp of understanding. For this, it is tried to propose a novel model that depends on 
rearrangement of interactive direct teaching approach on the basis of the constructivist learning In this model named as 
Interactive Direct Teaching Based on Constructivist Learning (IDTBCL), learning is evaluated as a mental transition or an 
oriented change from understanding (two dimensions) to conceptualization or conception (three dimensions).In this study, 
participants are twenty five students whose are attending at Department of Chemistry Education at Ataturk University, in 
Erzurum, Turkey. Pretest-posttest with no control group, which is a pre-experimental research design, was applied for 
determining the effectiveness in practice of the model proposed. In Physical Chemistry course the interactive direct instruction 
based on constructivist was conducted during one term. Before applications, a conceptual questionnaire which contains 10 
multiply-choose questions   was administrated to this group as a pre-test. According to pretest results, there was no difference in 
group in terms of conceptual achievement. Although, after applications it was observed that there is a significant positive 
difference between pre-test and post-test results. This can be attributed to success of the model in terms of the conceptualization 
and the creation of three- dimensional mental space of the knowledge. 
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1.  Introduction 
All activities focused on learning are referred to as teaching. Learning is a permanent change as behavioral, 
cognitive and affective based on mutual interactions between instructor and learners. Teaching or instructional 
procedures are generally categorized as two main models, student-led and teacher-led. A world-wide formal 
teaching practice related with courses is almost entirely a teacher-led one. Therefore, main problem to be addressed 
is what will be learners’ position in teacher-led applications in terms of mental arrangement and the realization of 
meaningful learning. The instruction based on cognitivism must necessarily be organized taking into account the 
students’ previous knowledge and providing active participation for the students by using deductive thinking and 
procedures such as, raising hands, asking a high frequency of questions and using advance organizers. According to 
this perspective, the conditions for meaningful learning are: the meaningful potentiality of the educative materials 
and the subject’s willingness or predisposition to learn. The classical cognitive view of meaningful learning is the 
one proposed by Ausubel, in the 1960’s (1963; 1968), which he has lately reiterated (2000). The basis of this 
perspective is the non-arbitrary and no verbatim cognitive interaction between the new knowledge, potentially 
meaningful, and some specifically relevant knowledge (Maturana, 2001; Moreira, 2002 and 2005; Vergnaud, 1990 
and 2009). In the classical view the single most important factor influencing learning is what the learner already 
knows. Joseph Novak who is Ausubel’s partner and coauthor of the second edition of the basic reference book on 
meaningful learning gives to meaningful learning a humanistic connotation, proposing that it is subjacent to the 
constructive, positive, integration of thinking, feeling, and acting, leading to human empowerment. The social 
interactionist view of meaningful learning comprises the triadic approach (learner ↔ teacher ↔ educative materials 
of the curriculum) of D. B. Gowin (1981). It is a basically social-interactionist perspective, in which the teaching-
learning process is understood as a negotiation of meanings that aims at the sharing of meanings in relation to the 
educative materials of the curriculum. According to Ausubel’s classic idea, meaningful raises for learning the 
interaction promoted between new and prior knowledge is, for sure, quite adequate. Nonetheless, little has been said 
about how the interaction happens. Johnson-Laird’s mental models theory (1983) offers an explanation on how this 
cognitive interaction might happen: when facing a new knowledge, a new situation, the first mental representation of 
the subject constructs, in his/her working memory, is a mental model (a structural analogue of the situation). 
Depending on the circumstances, this representation can get stabilized and evolve to a Piagetian assimilation that is, 
the construction of a mental model may be understood as the first step for meaningful learning. Such construction 
reflects an intentionality of the learner because if he/she constructs a mental model it is because she/he wants to 
solve the situation and to assign meanings to the new knowledge. Students’ prior knowledge are explanations that 
are, in fact, reformulations of their experiences. Meaningful learning takes place, then, in the domain of disrupting 
interactions that generate changes of state, that is, structural changes that do not modify the autopoietic organization 
and maintain identity. In a contemporary view, learning must be meaningful as well as critical, subversive, 
anthropological. Teaching, because of this, has to follow the critical meaningful learning facilitating principles such 
as previous knowledge, questions instead of answers, diversity of educational materials, learning through the error, 
student as a representationist perceiver, semantic consciousness. McDonald and Elias (1976) reported that the 
successful teachers used a pattern that they called “direct instruction”, a term which Rosenshine (1976) began to use 
extensively. Unfortunately, the term direct instruction is confusing today because today the term is used to refer to 
both to the specific findings of the teacher effects research and also to any teacher-led instruction. There is no way 
to avoid this problem because many educators who use the term direct instruction are not aware of the many 
meanings this term has. Others have used the term “explicit teaching” to refer to the same pattern. The term 
“systematic instruction” was used to describe the findings of the teacher effects research, and uses that term to refer 
to the explicit sequence of instruction and the emphasis upon providing guided practice (Katz, 1994). Systematic 
instruction is a more descriptive term than direct instruction and is less ambiguous. The research on human cognitive 
architecture, on how information is acquired, stored and retrieved has major implications for teaching (Kirschner et 
al., 2006). Although the major work on human cognitive architecture occurred after the teacher effects research had 
ended, this research on information processing fits the findings on classroom instruction quite well and adds to our 
understand of the findings from the teacher-effects research (Rosenshine & Stevens,  1986). 
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Cognitivism is a theory that humans generate knowledge and meaning through sequential development of an 
individual’s cognitive abilities, such the mental processes incorporating the abilities to recognize, recall, analyze, 
reflect, apply, create, understand, and evaluate. The cognitivists’ learning process is the adoptive learning of 
techniques, procedures, organization, and structure to develop internal cognitive structure that strengthens synapses 
in the brain. The learner requires assistance to develop prior knowledge and integrate new knowledge (Bruner, 1960 
and 1971; Piaget, 1926; Vygotsky, 1962; Wood, 1986). Piaget (1964) defined knowledge as the ability to modify, 
transform, and “operate on” an object or idea, such that it is understood by the operator through the process of 
transformation. Learning, then, occurs as a result of experience, both physical and logical, with the objects 
themselves and how they are acted upon. Thus, knowledge must be assimilated in an active process by a learner 
with matured mental capacity, so that knowledge can build in complexity by scaffolded understanding. 
Understanding is scaffolded by the learner through the process of equilibration, whereby the learner balances new 
knowledge with previous understanding, thereby compensating for “transformation” of knowledge. We thought that 
a real constructivist change in terms of learning requires a more comprehensive change beyond the grasp of 
understanding. For that reason, it is tried to propose a novel model that depends on rearrangement of interactive 
direct teaching approach or effective instruction on the basis of the constructivist learning. In this model named as 
Interactive Direct Teaching Based on Constructivist Learning (IDTBCL), learning is evaluated as a mental transition 
or an oriented change from understanding (two dimensions) to conceptualization or conception (three dimensions). 
The model that focused onto formation of a conceptual construction is based on the following basic assumptions: 
It should be searched learner’s cognitive and awareness level about subject to be taught  
When all learners cognitive and awareness level are different from each other there was a serious problem that 
the slower or weaker students would fall further behind. So, a high success rate is a need for all students. This 
problem can be solved by searching in question-answer prior to lesson and the instructor working on any problem at 
the blackboard provided that the instructor explains the reasons for each step. The other alternative is to present only 
small amounts of material at a time and to guide learner practice after this short presentation. This instruction can 
also serves as a model for the learners. The practice provides some of the processing needed in order to move new 
learning into the long-term memory and knowledge if learners are developing misconceptions. Another reason for 
the importance of checking the learner’s cognitive and awareness level about subject to be taught comes from the 
fact that the  learners connect their understanding of the new information to their existing concepts or “schema”, and 
they then construct a mental network. However, when left on their own, many learners make errors in the process of 
constructing this mental network. These errors occur, particularly, when the information is new and the learner does 
not have adequate or well-formed background knowledge. 
Interaction between instructor and learners should be consistently stimulated      
This interaction includes asking learners to come to the blackboard to work out problems and to discuss their 
procedures. This interaction clearly makes more active the students seated in the classroom. Another way to 
stimulate the interaction between instructor and learner is to think aloud as they worked to solve any problem, to 
plan an essay or identify the main idea. An instructor might think aloud while solving a scientific equation or writing 
an essay, while providing labels for their processes. Thinking aloud by the instructor provides novice learners with a 
way to observe “expert thinking” that is usually hidden from the student. Teachers can also study their students’ 
thought processes by asking them to think aloud during their problem-solving processes. This may help learners to 
integrate and elaborate their knowledge in new ways. The more-effective interaction may be frequently provided by 
checking to see if all the learners are learning the new material. These checking serve two purposes: firstly, 
answering the questions might cause the learners to elaborate upon the material they learned and augment 
connections to other learning in their long-term-memory; and secondly, checking for understanding can also tell the 
instructor which parts of the material need to be re-taught. In contrast, the less-effective instructors in terms of the 
interaction simply ask “Are there any questions?” and, if there were no questions, they assumes that the learners had 
learned the material One characteristic of experienced instructors is their ability to anticipate students’ errors and 
warn them about possible errors. The instructor’s questions and learner discussion are a major way of providing this 
necessary practice. This procedure is necessary to spend more than half the class time lecturing, demonstrating and 
asking questions. Questions allow an instructor to determine how well the material has been learned and whether 
there is a need for additional instruction. The most-effective instructors also ask learners to explain the process they 
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used to answer the question, to explain how the answer was found. Less-successful instructors ask fewer questions 
and almost no process questions. In addition to asking questions, the more-effective instructors facilitated their 
learners’ rehearsal by providing explanations, by giving more examples and by supervising students as they 
practiced the new material. Providing guided practice after teaching small amounts of new material, and checking 
for student understanding, can help limit the development of misconceptions. 
Conceptualization requires using of inductive and deductive processes by both instructor and learner. 
Direct teaching based on behaviorism only uses the deductive processes in instruction. This option is advantage 
in terms of class time management and completion of the curriculum, but it is also a disadvantage for the learner’s 
own learning wonder and invention capability developing, because these sense and capability can be better 
motivated through inductive thinking. 
Conceptualization success depends on the depth of instructional content instead of its superficiality.  
For the more effective learner participation and   meaningful learning, it is necessary the lesser superficial 
instructional content. The more-successful instructors use this extra time to provide additional explanations, to give 
many examples, to check for student understanding and to provide sufficient instruction so that learners could learn 
to work independently without difficulty. In contrast, the less-successful instructors give much shorter presentations 
and explanations and then they pass out worksheets and tell learners to work on the problems. Under these 
conditions, the learners make too many errors and need to be re-taught the lesson. It is not enough superficially to 
present learners with new material, because the material will be forgotten unless there is sufficient rehearsal. An 
important finding from the information-processing research is that learners need to spend additional time rephrasing, 
elaborating and summarizing the new material in order to store this material in their long-term memory. When there 
has been sufficient rehearsal, the learners are able to retrieve this material easily and, thus, are able to make use of 
this material to foster new learning and to aid in problem-solving. But when the rehearsal time is too short, students 
are less able to store or remember or use the material. An instructor can help this rehearsal process by asking 
questions, because good questions require the learners to process and rehearse the material. Rehearsal is also 
enhanced when learners are asked to summarize the main points, and when they are supervised as they practice new 
steps in a skill. The quality of storage will be weak if learners only skim the material and do not engage in “depth of 
processing”. It is also important that all learners process the new material and receive feedback. 
Learners should be periodically incorporated to instruction with some activities outside the classroom. 
Independent practice or activities outside the classroom provides learners with the additional review and 
elaboration they need to become fluent in a skill. This need for fluency applies to facts, concepts and discriminations 
that must be used in subsequent learning. The more-successful instructors provide for extensive and successful 
practice, both in the classroom and after class. Independent practice should involve the same material as the guided 
practice. Some investigators (Slavin, 1996) have developed procedures, such as co-operative learning, during which 
students help each other as they study. Research shows that all students tend to achieve more in these settings than 
do students in regular settings. Presumably, some of the advantage comes from having to explain the material to 
someone else and/or having someone else (other than the teacher) explain the material to the student. Co-operative 
learning offers an opportunity for students to get feedback from their peers about correct as well as incorrect 
responses, which promotes both engagement and learning. These co-operative/competitive settings outside the 
classroom are also valuable for helping slower learners in a class. 
In the light of these assumptions, the mental transition that will be performed by the learner with the moderation 
of the instructor in the instructional practice consists of the stages such as providing learner’s awareness about the 
present concepts and the related concepts, the creation of a broad mental space containing a multi- conceptual parts, 
orientation of a new material with present materials through the continuous contextual communication and 
unification, respectively. 
Although information in both rote and meaningful learning becomes irretrievable, it is important there is a 
difference between forgetting after “rote learning” and forgetting after “meaningful learning” (Driscoll, 2005, 
p.124). Rote learning is like verbatim memorization, and meaningful learning is the process of connecting 
potentially meaningful information to what the learner already knows in a substantive way. Thus, meaningful 
learning differs from rote learning in terms of whether learner has made real connection between what was already 
known and what was memorized. Although relevant prior knowledge cannot guarantee meaningful learning, 
activation of prior recalls the fact that the student retains the responsibility for learning knowledge is definitely first 
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step of instruction. And it should not be left to chance (Driscoll, 2005). Learner’s awareness about the present 
concepts and the related concepts is extremely important in terms of learner’s active role and preparation onto 
conceptualization. Because, reclaiming the generic concepts stored in memory and distinguishing pockets of 
knowledge represented by the instructor recalls the fact that the student must retain the responsibility for learning 
and the fact that individual packets of knowledge need to be related each other for reconstruction of mental space. 
Creating a mental space, predicting connections between knowledge pockets and orientating them, and constructing 
the desired proper conceptual structure will be only possible through effective using thinking skills by both the 
instructor and learners. To identify these skills, many terms, such as scientific method, scientific thinking and 
critical thinking skills have been used at various times. Nowadays, the most common used term is “Science Process 
Skills”. The Science Process Skills should be acquired by every individual are classified as basic, causal and 
empirical skills. The main goal of these two stages is to present a medium in which learners can meet face to face 
with knowledge pockets or concepts and handle them instead of storing in their memory. Conceptualization of 
information   is only possible with the learners whose can think and use their mental process skills instead of 
information exchange. Unification as the last stage is a mental transition in which meaning as learning outcome was 
converted to comprehending by the learner with the moderation the instructor. 
Thermodynamic Basis for Interactive Direct Teaching Based on Constructivist Learning (IDTBCL) 
The approach is focused upon the conceptual learning and has taken into account of the natural thermodynamic 
phenomena’s to organize the interactions between the teacher and student. The natural direction of students’ mental 
activity is towards the increasing entropy or complexity. However, the teaching is an activity oriented to the 
hierarchical or programmed mental change aim. It is noticed that the organization means a decrease in the disorders 
or the entropy and extra energy requirement for an ordered construction or the formation of knowledge, which the 
second law of thermodynamics advocate this reality. The source of the energy needed for permanence of process is 
the instructor moderating mutual interactions in any instruction. This means that the instructional procedures should 
be organized by considering the principles for natural processes that is, satisfying a mental chaos requirement by 
increasing interaction between the instructor and the learners and the activities outside the classroom (Learner) and 
then constructing an ordered mental network by providing sufficient energy from the environment (Instructor). 
2. Method 
In this study, participants are twenty-two students whose are attending at Department of Chemistry Education at 
Ataturk University, in Erzurum, Turkey. Pretest-posttest without control group, which is a pre-experimental research 
design, was examined for determining the effectiveness in practice of the model proposed. In a physical chemistry 
course, an interactive direct instruction based on constructivist was conducted during one term. Before application, a 
conceptual questionnaire containing 10 multiply-choose questions was administrated to this group as a pre-test. 
According to pretest results, there was no difference in group in terms of conceptual achievement. After treatments, 
it was observed that there was a significant difference between pre-test and post-test results in the favour of post-test 
scores. This can be attributed to success of the model in terms of the conceptualization and the creation of three- 
dimensional mental space of the knowledge. 
3. Result and Discussions 
According to paired sample t-test results given in Table 1, the obtained p-values are below the threshold, and we 
can accept that the students who are instructed by the Interactive Direct Teaching Based on Constructivist Learning 
(IDTBCL) approach have obtained much more high scores that traditional learning approach according to paired 
samples t- test results (p<0.05).   
Table 1. Paired samples t-test results 
   Paired differences t df p 
 Mean SD    
Pretest-Posttest -26.81 21.68 -5.80 21 0.00* 
                             *p<.05 
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It can be concluded that there are statistically significant differences between the participants’ evaluations of the 
new instructional approach and the conventional instructional approach. The IDBCL approach is rated positively 
higher for the students’ achievements. 
4. Conclusions 
This study presents a novel practical view in which the instructional procedures for constructivist learning based 
on Piagetian approach, for the transformation from meaningful learning to conceptualization was reconstructed by 
considering general instructional principles for effective or systematic instruction focused to meaningful learning 
raised as a result of transition from behaviourism to cognitivism.  
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